METHODS: Rainbow mice (Actin CreER
; R26
VT2/GK3
) systemically induced with tamoxifen were used for allograft tumor models. The Rainbow system is a Cre-dependent model with a four-color (mCerulean, eGFP, mOrange, and mCherry) reporter construct in the ROSA (R26) locus. When Cre-recombination occurs, cells are genetically marked with one of the possible colors. All progeny cells are marked with the same color as the parent cell creating a fluorescent mosaic pattern upon analysis. At the time of tumor implantation, local induction with activated tamoxifen was also pursued. Tumors and surrounding tissue were harvested, whole-mounted and analyzed using confocal microscopy. In this model, tumor cells are dark but stoma cells are fluorescent allowing detailed characterization of the stroma cell niche. All experiments were conducted in the Longaker Laboratory at Stanford University School of Medicine.
RESULTS:
CAFs develop as a small sub-set of local fibroblasts (rather than a systemic infiltration of a heterogeneous cell population) that are recruited by primary tumor cells and undergo extensive clonal expansion. When compared with wound healing studied in the same mouse model, tumor stroma shows increased clonality and more disorder in the proliferation of recruited fibroblasts. Thus far, tumor stroma has been investigated in fibrous cancer types including breast and melanoma. Results from experiments using endogenous tumor models (bred with rainbow mice) as well as metastatic disease models, along with epigenetic characterization of this cell niche, are forthcoming.
CONCLUSION:
CAFs are recruited locally by cancer cells and proliferate in a highly clonal manner in the tumor microenvironment, which can be visualized in whole tissue using the rainbow mouse system.
Tumor stroma rainbow mouse model showing highly clonal proliferation of cancer associated fibroblasts. In this model, stroma cells appear fluorescent whereas cancer cells are dark. T indicates Tumor, the tumor edge is outlined with a dotted line, eG = eGFP, mCe = mCerulean, mOr = mOrange, mCh = mCherry. 
PURPOSE:
A novel mutation was discovered in our laboratory with a striking feature of a misshapen, smaller skull, prompting the "microcephaly" name. By genetic crossing of the mutant with wild type zebrafish it was determined that the mutation has Mendelian and recessive inheritance. We evaluated the membranous ossification, focusing on the flat bones of the cranium: frontal and parietal. These results revealed that membranous bones become porous in adult mutants as compared to normal siblings. We developed a working hypothesis that the porosity of the flat bones is caused by too much bone-resorbing activity provided by osteoclasts.
METHODS:
The characterization of the mutant was undertaken through several different methods. Cranial vault development was evaluated in order to establish a timeline of bone defects by using alizarin red and alcian blue staining. Paraffin embedded cross sections of the skull were analyzed histologically and by TRAP stain to estimate osteoclasts' activity. In order to evaluate development of osteoblasts and osteoclasts, specific genetic markers were examined through RNAscope in situ hybridization on paraffin sections. Search of the genetic identity of the mutation is in progress. The genomic DNA isolated from 50 mutant and 50 normal siblings was sequenced and comparatively analyzed for loss of heterozygosity. This mapped the mutation on chromosome 15. Using various primers specific to this region and for PCR method we narrowed down this region to a few candidate genes.
RESULTS:
The skeletal staining revealed smaller and irregular frontal and parietal bones in the adult mutant, as opposed to normal siblings. In some places the bone was so thin as to produce holes in the cranium. These malformations can be seen -the normal head skeleton of the adult zebrafish is shown in (A), the mutant in (B), dissected flat bones of the wild type in (C) and porous bones of the mutant in (D). To verify the osteoclast hypothesis we performed TRAP staining. This revealed much stronger activity of the osteoclasts in the mutant as compared to the wild type. The RANKL expression presented (C,D) shows that it is also increased in the mutant (D), supporting our initial hypothesis that increased osteoclast activity is causing the porous effect.
CONCLUSION:
The phenotype of the porous cranium suggests two possibilities: overactive osteoclasts, or more osteoclasts developed in this mutant, causing this osteoporotic defect. Once the verification of these results would be completed, and the mutation would be identified, the microcephaly mutant could provide a model for osteoporosis study. Zebrafish are especially suitable for pharmacological treatment as drugs can be provided directly to the fish water, allowing to simultaneously evaluate the benefits and toxicity of drugs. S.A. Bidny: None. J.K. Ledwon: None. J. Topczewski: None. A.K. Gosain: None. J. Topczewska: None.
